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Objectives: To assess body composition and bone changes pre- to post-season (pre-post) and post- to off-season (post-
off) in female soccer athletes (SC). Methods: Outcomes were assessed using DXA and pQCT in 23 SC and 17 controls at
three times throughout season. Results: SC, non-starters in particular, lost lean mass pre-post (-0.910.2 kg, p<0.01;
not different from controls, p=0.2) and gained fat mass post-off (1.4+0.3 kg, p<0.01; differed from controls, p=0.01).
Baseline femoral neck and hip aBMD were higher in SC than controls (both,p<0.04), but increased in controls more than
SC in pre-post and decreased post-off. SC cortical bone mineral content (BMC), cortical area and periosteal circumference
increased pre-post (all, p<0.01; differed from controls, p<0.05) and trabecular vBMD decreased post-off (-3.0£1.3 mg/
cm?; p=0.02; not different from controls, p=0.4). Both SC and controls increased cortical BMC, cortical area, and thickness
post-off (all, p<0.0 1). Conclusion: Soccer players lost lean mass over the competitive season that was not recovered dur-
ing off-season. Bone size increased pre- to post-season. Female soccer athletes experience body composition and bone
geometry changes that differ depending on the time of season and on athlete’s playing status. Evaluations of athletes at
key times across the training season are necessary to understand changes that occur.

Introduction

Collegiate soccer athletes spend multiple hours per week
meeting the physical demands of their sport. This includes
time spent conditioning, strength training, practicing and
competing in games throughout the season as well as con-
tinued conditioning and training throughout the off-season.
Participation in collegiate athletics is known to influence
multiple physiological parameters including but not limited
to body composition, muscle strength, and bone charac-
teristics'2. However, few studies have examined potential
changes in these parameters over the competitive soccer
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season and into the off-season in female athletes®>.

Body composition may differ by sport due to sport-specific
training and performance expectations?. During the off-sea-
son (end of a competitive season until the next competitive
season), soccer players generally participate in a periodized
strength and conditioning program designed to optimize
agility, speed, aerobic and anaerobic capacities. During the
competitive in-season period (typically August through No-
vember), strength and conditioning training is replaced with
team training, competitions, injury rehabilitation and recov-
ery. Some studies involving soccer athletes have reported
decreases in lean mass from pre-season to post-season#
while others have reported no change or gains in lean mass
over the competitive season®7. However, these studies used
different methods (hydrostatic weighing or dual-energy x-
ray absorptiometry, DXA) to measure body composition and
performed these measures at different times of the season
which may explain inconsistencies among results.

Many studies assessing the effect of sport participation on
bone density are cross-sectional and provide data from one
time point during a competitive year. Cross-sectional stud-
ies indicate a positive effect of collegiate sports participation
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on areal bone mineral density (aBMD) for total body and at
regional sites in female athletes compared to non-active con-
trols2813, Additionally, odd-impact loading sports such as
soccer and tennis appear to have a similar osteogenic effect
on bone compared to high-impact loading sports such as vol-
leyball and hurdling due to the torsional nature of cutting and
turning without large ground reaction forces'>'4. Alfredson
et al. reported significantly higher DXA measured aBMD at
the lumbar spine, femoral neck (FN), humerus, distal femur,
and proximal tibia in DIl female soccer players compared to
non-active controls'. Likewise, Nikander et al. reported a
19.9% higher weight-, height- and age-adjusted FN aBMD
in soccer players compared to nonathletic controls'>. While
there have been a number of studies examining the effects of
physical activity on aBMD in many different sports, few have
investigated this relationship longitudinally in female soccer
players. A study in college female athletes found significant
increases in aBMD of the total body, arms and legs from the
off- or pre-season to post-season indicating an adaptation
to loading over the competitive season®; however, an odd-
impact loading sport was not represented in the aforemen-
tioned study. Additionally, changes in aBMD at a regional site
such as the hip were not investigated.

Peripheral quantitative computed tomography (pQCT)
provides unique densitometry measures separating corti-
cal and trabecular regions as well as geometric properties of
bone, which provide an indication of bone strength. Although
DXA studies have demonstrated higher aBMD measures in
athletes compared to non-athlete controls, studies using
pQCT measures have found lower cortical volumetric BMD
(vBMD) in the athlete group compared to controls®'52!, How-
ever, these cross-sectional studies find greater cortical area,
thickness, and moment of inertia in the athlete groups dem-
onstrating a geometric adaption to exercise®'s2°, Addition-
ally, a longitudinal study by Weidauer et al. found significant
increases in bone area and cortical thickness at the 20% site
of soccer players over 27-31 weeks (including the competi-
tive and off-season periods) showing a positive adaptation to
odd-impact loading over time?2,

With the beneficial effect of soccer on aBMD and bone
geometry demonstrated in previous studies, it is important
to understand how intense, collegiate sport participation ef-
fects the body over a season and how this relates to positive
bone changes that may continue past the athlete’s career or
if additional participation in collegiate athletics perpetuates
the positive influence of sports on bone accrual that is seen
in adolescence.

The objective of this study was to test the effect of one
competitive season and off-season training on lean mass and
fat mass changes measured by DXA. Additionally, we inves-
tigated the changes in total hip and FN aBMD from pre- to
post-season and post- to off-season as well as longitudinal
changes in pQCT measures. We hypothesized that over the
competitive season lean mass, total hip aBMD, FN aBMD
and tibial vBMD would decrease, and tibial bone size would
increase. During the off-season, we hypothesized that lean
mass, aBMD and vBMD would return to pre-season levels.
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We further investigated whether or not changes differed by
player status (starter vs. non-starter).

Materials and methods
Subjects

The study was approved by the South Dakota State Univer-
sity Institutional Review Board and written informed consent
was obtained from each study participant before the study
began. Subjects included 24 NCAA Division-l (D-I) female
collegiate soccer players and 18 non-athlete controls. Non-
athlete controls were female students recruited from cam-
pus who exercised no more than 2 days per week for a total
of less than 60 minutes/week during the study time frame.
Individuals who had been diagnosed with any illness or cur-
rently were taking medications known to affect bone metabo-
lism were excluded from the study. For a secondary analysis,
the soccer player group was divided into starters (n=11) and
non-starters (n=13) based on their mean playing time during
the competitive season (top 11 soccer players with =70 min/
game were defined as starters).

Study procedures

All study participants were asked to complete three study
visits. The first visit occurred just prior to the start of the
competitive season (August; pre-season). The second visit
took place within one week after the completion of the com-
petitive season (November; post-season), and the third visit
after the completion of the off-season (May; off-season). Con-
trol subjects completed their study visit at the same time in-
tervals as the soccer athletes. Time between the pre-season
and post-season visit was approximately 3 months while time
between the post-season and off-season visit was approxi-
mately 6 months.

Height was measured using a stadiometer (Seca Model
225, Chino, CA) to the nearest 0.5 cm and weight was
measured on a digital scale (Seca Model 872, Chino, CA)
to the nearest 0.1 kg. Questionnaires including a brief
medical history, current health status and medication use,
activity patterns, and menstrual status were administered
to each participant.

Bone measurements were obtained using two different
technologies: DXA and pQCT. Hip and FN aBMD were ob-
tained using DXA (Hologic Discovery; Software version Apex
3.3; Hologic, Inc., Bedford, MA) along with body composition
measurements of fat mass, lean mass, and body fat percent-
age (BF%) using NHANES reference database. The coefficient
of variation (CV) for DXA hip aBMD is 1.7%. In this study,
the hip of the “kicking leg” was measured as indicated by the
participant answering the question, “Which foot do you most
often use to kick a ball?” pQCT measurements of the partici-
pants’ “kicking leg” were obtained at the 4% and 20% site of
the distal tibia (indicating trabecular and cortical measures,
respectively) using the Stratec XCT3000 bone densitometer
(Orthometrix Inc., Naples, FL) following standard operating
procedures. The 20% site was chosen due to the greater
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Table 1. Pre-season descriptive characteristics of the groups.

Variable Controls (n=18) Soccer Players (n=24)

Age (yr) 20+0.4 19+0.2 0.03
Height (cm) 16941.1 165+1.3 0.04
Weight (kg) 73121 64+1.5 <0.01
Body Fat (%) 29+1.0 22+0.7 <0.01
Fat Mass (kg) 22+1.3 14+0.8 <0.01
Lean Mass (kg) 50%1.0 48+0.9 0.17
Current Contraceptive Use (%) 44 46 0.93
Irregular Menstrual Status (%) 22 33 0.43
Values are unadjusted means=SD.

amount of physiologic response to physical activity at this
distal location which is why tibial stress fractures occur most
often in the distal 1/3 of the tibia?*25. Tibia length was meas-
ured using a segmometer (Rosscraft) as the total distance be-
tween the medial tibial condyle and the medial malleolus of the
tibia and used to locate image slices. A 30-line scout view was
used to reference the distal end of the bone. The settings used
to obtain the image were voxel size 0.4 mm and 20 mm/sec
scan speed. Contour Mode 2 and Peel Mode 2 were used for
the analysis. The density threshold to define trabecular bone
(4% slice) was 400 mg/cm?. The density threshold to define
cortical bone (20% slice) was 710 mg/cm?®. To define the bone
edge for pSSlI calculation, a density threshold of 280 mg/cm?
was used. The 4% site provided trabecular vBMD. The 20%
site provided cortical BMC, cortical vBMD, cortical thick-
ness, cortical area and periosteal circumference. A calculated
measure of bone strength, polar strength strain index (pSSD,
also was obtained from this site. The CV for trabecular vBMD
at the 4% site is 0.5%. The CVs for the 20% site are: corti-
cal BMC, 0.7%; cortical vBMD, 0.4%; cortical thickness, 1.1%;
cortical area, 0.8%; and periosteal circumference, 0.5%.

Strength measurements of extension (EPT) and flexion
(FPT) peak torque production and hamstring/quadriceps
(H/Q) ratio were obtained using isokinetic testing on a Biodex
System 4 dynamometer (Biodex Medical Systems, Shirley,
NY). Participants were seated with their waist strapped to
the chair, the dominant leg knee was located next to the con-
trol arm fulcrum, and the participant’s dominant foot was se-
cured to the foot holder with a Velcro strap. The participant
completed a series of familiarization reps prior to each test
of a different speed. The procedure consisted of 5 repetitions
of isokinetic knee extension and flexion at 90, 180, and 360
degree per second bouts with a one-minute rest period be-
tween velocities.

Statistics

The differences in baseline subject characteristics be-
tween groups were analyzed using t-tests and chi-square
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analysis. The differences in baseline DXA, pQCT and Bio-
dex measures between groups were analyzed by multi-
ple regression adjusting for baseline height, lean mass,
and fat mass. To test differences in mean change in DXA,
pQCT, and Biodex outcome measures, a multiple regres-
sion analysis was used. All models for DXA and pQCT bone
outcomes were adjusted for baseline measures of height,
bone, lean mass and fat mass. Biodex and body composi-
tion models were adjusted for concomitant baseline meas-
ure, baseline height, lean mass and fat mass. Marginal
mean change within groups was tested to determine a dif-
ference from zero. A secondary analysis was performed
dividing the soccer player group into starters and non-
starters based on playing time (described above). All tests
were considered significant at p<0.05.

Results
Pre-season to post-season

Subject characteristics

Unadjusted baseline characteristics are presented in Ta-
ble 1. At the pre-season visit, control subjects were older,
taller and heavier than soccer players (all, p<0.05). Baseline
weight, fat mass and body fat percent were lower in soccer
athletes than controls (all, p<0.01). Forty-four percent of con-
trols and 46% of soccer players were currently using hor-
monal contraceptives (p=0.93). Irreqular menstrual status
determined by self-report of not menstruating every 21-35
days occurred in 22% of controls and 33% of soccer players
(p=0.43).

Pre-season baseline measurements

Group differences in unadjusted and adjusted baseline
outcome measures are presented in Table 2. None of the
unadjusted DXA aBMD measures were different between
groups, but total hip and FN aBMD were higher in soccer
players in models adjusting for baseline height, lean mass,
and fat mass (p=0.01 and p=0.04; respectively). Unad-
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Table 2. Pre-season baseline DXA, pQCT and Biodex measures.

Control Soccer Players Adj. p-value
Bone Measurements: n=18 n=24
DXA
Hip BMC (g) 36.6%1.1 37.0%+1.0 0.76 0.41
Hip aBMD (g/cm?) 1.07+£0.0 1.13£0.0 0.10 0.01
FN BMC (g) 4.910.2 5.040.1 0.90 0.17
FN aBMD (g/cm?) 1.00+0.0 1.021+0.0 0.63 0.04
pQCT: 4% Trabecular site
Trab vBMD (mg/cm?3) 260.5+7.4 283.815.6 0.01 0.22
pQCT: 20% Cortical Site
vBMD (mg/cm?) 1163.0+4.7 1160.3+3.3 0.62 0.59
BMC (g) 258.216.0 256.115.4 0.79 0.55
Bone area (mm?) 222.2+5.4 220.7+4.5 0.83 0.58
Thickness (mm) 3.840.1 4.0+0.1 0.29 0.70
Periosteal circumference (mm) 70.5+1.1 68.2+0.9 0.11 0.31
pSSI (mm?3) 1582.2+51.6 1477.9+47.1 0.15 0.37
Strength Measurements: n=18 n=23
Biodex: Extension Peak Torque
90 ¥/sec 101.914.4 105.0+3.3 0.56 0.03
180 /sec 76.7£3.5 79.2+2.5 0.57 0.07
360 “/sec 51.8+2.6 52.2+2.2 0.91 0.26
Biodex: Flexion Peak Torque
90 %/sec 46.51+2.4 58.2+2.9 <0.01 0.03
180 “/sec 36.1+1.9 44.8+2.0 <0.01 0.02
360 °/sec 24.8+1.5 30.1x1.6 0.02 0.13
Biodex: Hamstring/Quadriceps Ratio
90 sec 46.0+2.0 55.8+2.5 <0.01 0.20
180 /sec 47.0+1.3 56.6+1.9 <0.01 0.05
360 %sec 47.8%+1.4 59.0+2.8 <0.01 0.15
All values are expressed as unadjusted meanstSD. One baseline Biodex test in the soccer group was not used due to improper test com-
pletion. Adjusted p-value controls for baseline height, lean mass and fat mass. DXA, dual-energy x-ray absorptiometry; BMC, bone min-
eral content; aBMD, areal bone mineral density; FN, femoral neck; pQCT, peripheral quantitative computed tomography; vBMD, volumetric
bone mineral density; pSSI, polar strength strain index.

justed trabecular vBMD was greater in soccer players at
baseline, but this effect did not remain significant in ad-
justed models. There were no other differences in baseline
pQCT measures between groups. Unadjusted EPT meas-
ures were not different between groups. In the adjusted
models, EPT at 90°/sec was greater in soccer players than
controls. FPT measures at all speeds were greater in soc-
cer players than controls before and after adjustments
with the exception of adjusted FPT at 360°%/sec. H/Q ratio
at all speeds was higher in soccer players than controls but
only remained different at 180%sec in adjusted models.
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Pre-season to post-season changes

Two individuals did not complete a post-season visit and
were excluded from the outcome change analysis (soccer,
n=23; control, n=17).

Body Composition: There were no differences in lean or fat
mass change between soccer players and controls. However,
soccer players lost lean mass (1.7%) from pre- to post-season
(p<0.01; Figure 1A), but this loss of lean mass was significant
only in non-starters (-1.2+0.3 kg; p<0.01; data not shown).

DXA: From pre- to post-season, control subject FN and
hip aBMD increased (all, p<0.03), while no change was ob-
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Figure 1. DXA measured changes in lean mass (Panel A) and fat mass (Panel B) from pre- to post-season and from post- to off-season
by group. The letter a indicates a significant change in the group mean from pre- to post-season, while the letter b indicates a significant
change in the group mean from post- to off-season. LSC = least significant change. Horizontal lines are adjusted group marginal mean
changes. *There was a significant difference in fat mass mean change between the soccer players and the control group from post- to
off-season (p<0.05).
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Figure 2. Changes in total hip (Panel A) and femoral neck aBMD (Panel B) from pre- to post-season and from post- to off-season by
group. The letter a indicates a significant change in the group mean from pre- to post-season, while the letter b indicates a significant
change in the group mean from post- to off-season. Horizontal lines are adjusted group marginal mean changes. LSC = least significant
change. *There was a significant difference in the FN aBMD mean change between the soccer players and the control group from pre- to
post-season (p<0.05).
- )

served in soccer players (Figure 2A & 2B). Mean change
in FN aBMD was different between the soccer players and
controls (p=0.02). Change in hip aBMD was not different be-
tween groups. Change in FN aBMD in non-starters and start-
ers was different from controls (0.002+0.008 g/cm? and
-0.005+0.01 g/cm? vs. 0.029+0.008 g/cm?, respectively;
both p<0.04) but not each other (p=0.53). Adding change in
lean mass to the models did not alter results.

pQCT: At the 4% trabecular site, there were no differences
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between groups or changes in trabecular vBMD (Figure 3A).
At the 20% cortical site, there were increases in the soc-
cer players in cortical BMC and cortical area similar to that
observed for periosteal circumference (Figure 3B), and the
mean changes were different from controls (all, p<0.05).
Cortical BMC and bone area increased in both starter and
non-starter groups, which were different from controls (all;
p<0.04) but not each other (BMC, 4.2+1.8 and 3.0£1.4 vs.
-1.3+1.4q, respectively; both p<0.05; Area, 3.6*1.5 and
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Figure 3. Changes in trabecular vBMD (Trab vBMD, Panel A), periosteal circumference (Peri C, Panel B), cortical thickness (Panel C), corti-
cal vBMD (Panel D), and pSSI (Panel E) from pre- to post-season and from post- to off-season by group. The letter a indicates a significant
change in the group mean from pre- to post-season, while the letter b indicates a significant change in the group mean from post- to off-
season. Horizontal lines are adjusted group marginal mean changes. LSC= least significant change. *There was a significant difference in
periosteal circumference mean change between the soccer player group and the control group from pre- to post-season (p<0.05).

~
B Change in Peri C by Group
2 a A Soccer
E A O Control
é 1.5 N 1sc-12
g 1 5o ©
] 8
E’ 0.5 §
€
s £
G -0.5
: : .
o -1 o
gﬂ O 1SC=-1.2
o -15 A
(@)
-2
Pre-Post* Post-Off
D Change in Cortical vBMD by Group
30 A Soccer
O Control
o 20 9 1sc-193
£
S 10 8 A
£ § 42
o o0 . =
2 A% 2
> -10 N ©
£ o A
& -20 . s
c
2
5 -30 N
-40
Pre-Post Post-Off

2.5+1.1 vs. -0.9+1.1 mm?, respectively; both p<0.05). Peri-
osteal circumference increased in the starter group (0.5£0.2
mm, p=0.04), which was not different from controls or non-
starters (p=0.09 and p=0.58, respectively). There were no
changes or differences between groups in cortical vBMD,
thickness, and pSSI.

Strength: Control subjects increased their FPT at 180%s
(p<0.01), but this change was not different from soccer play-
ers (Figure 4A). Soccer players increased FPT at 360%s
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(p<0.01), but this was not different from the control group
(Figure 4B). Only the starter group showed an increase in
FPT at 180%s (3.7+1.8 ft-Ibs, p=0.04) and 360%s (5.1+2.0
ft-Ibs, p=0.01). The increase observed in starters at 180%s
and 360%s was not different from non-starters, but the in-
crease at 360%s was different from controls (-1.0+1.6 ft-Ibs,
p=0.04). The results did not change when peak torque was
normalized to body weight. Change in lean mass did not ex-
plain changes in strength.
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Figure 4. Changes in peak torque at 180%s (FPT 180, Panel A), peak torque at 360°%s (FPT 360, Panel B), hamstring/quadriceps ratio
at 180%s (H/Q 180, Panel C), and hamstring/quadriceps ratio at 360%s (H/Q 360, Panel D) from pre- to post-season and from post- to
off-season by group. The letter A indicates a significant change in the group mean from pre- to post-season, while the letter B indicates
a significant change in the group mean from post- to off-season. Horizontal lines are adjusted group marginal mean changes. Least sig-
nificant changes for Biodex measurements are not available.
N /

H/Q ratio increased at the 180%s measure in controls
but was not different from soccer players (Figure 4C). Soc-
cer players increased H/Q ratio at 360%s, but this was not
different from controls (Figure 4D). Only the starter group
increased H/Q ratio at 360%s (7.5+3.0, p=0.01) which was
not different from non-starters (2.6+2.6, p=0.22) or con-
trols (-0.8+2.4, p=0.07). Change in lean mass did not explain
changes in H/Q ratio.

Post-season to off-season

Subject characteristics

All baseline measures that were different between groups
at the pre-season visit remained different at the post-season
visit except current hormonal contraceptive use. Seventy-
one percent (12/17) of controls and 39% (9/23) of soccer
players were using hormonal contraceptives at the post-sea-
son visit (p<0.05).
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Post-season baseline measurements

Post-season baseline measurements in each group are
presented in Table 3. No DXA outcomes, unadjusted or ad-
justed, were different between groups. Trabecular vBMD was
higher in the soccer player group but did not remain signifi-
cant after adjusting for covariates. No other unadjusted or
adjusted pQCT measures were different between groups.
FPT at 360°%sec was higher in soccer players, but this did
not remain significant when adjusted for post-season base-
line height, lean mass and fat mass. H/Q ratio was greater
in soccer players at speeds of 180 and 360%sec but did not
remain so after adjustments.

Post-season to off-season changes

One soccer player transferred and one control subject in-
creased physical activity above the study criteria and was ex-
cluded from further analysis. Four senior soccer players did
not participate in spring season training and were excluded
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Table 3. Post-season baseline DXA, pQCT and Biodex measures.

Control Soccer Players Adj. p-value
Bone Measurements: n=17 n=23
DXA
Hip BMC (g) 37.8+1.1 37.3%1.1 0.75 0.78
Hip aBMD (g/cm?) 1.09+0.0 1.13+0.0 0.16 0.09
FN BMC (g) 5.1£0.2 5.0£0.1 0.76 0.53
FN aBMD (g/cm?) 1.03+0.0 1.031+0.0 0.95 0.28
pQCT: 4% Trabecular Site n=16 n=22
vBMD (mg/cm?) 260.517.4 283.8+5.6 0.01 0.14
pQCT: 20% Cortical Site
BMC (g) 257.2+6.1 260.6+5.8 0.70 0.95
vBMD (mg/cm?) 1160.74.1 1160.91£3.5 0.97 0.88
Bone area (mm?) 221.7+5.6 224.3+4.6 0.72 0.93
Thickness (mm) 3.7+0.1 4.0£0.1 0.14 0.50
Periosteal circumference (mm) 70.6%1.1 68.7+t0.9 0.19 0.47
pSSI (mm?3) 1590.1£57.9 1490.9151.6 0.21 0.47
Strength Measurements: n=17 n=23
Biodex: Extension Peak Torque
90 “/sec 103.6%4.5 104.813.1 0.82 0.26
180 sec 79.1£3.6 80.2+2.4 0.81 0.13
360 °/sec 52.5+3.2 51.6+2.1 0.81 0.51
Biodex: Flexion Peak Torque
90 %sec 52.2+2.9 57.9+1.8 0.08 0.37
180 /sec 41.612.2 46.5%1.8 0.09 0.56
360 sec 26.1x1.8 31.7+1.5 0.02 0.09
Biodex: Hamstring/Quadriceps Ratio
90 °/sec 50.9+2.3 55.5+1.2 0.06 0.84
180 sec 53.0+2.0 58.0+1.5 0.04 0.53
360 /sec 50.1£2.4 61.4+1.9 <0.01 0.12
All values are expressed as unadjusted meanstSD. Two subjects did not complete a post-season study visit. Two post-season pQCT scans
were not analyzed due to scanning error. Adjusted p-value controls for baseline height, lean mass and fat mass. DXA, dual-energy x-ray
absorptiometry; BMC, bone mineral content; aBMD, areal bone mineral density; FN, femoral neck; pQCT, peripheral quantitative computed
tomography; vBMD, volumetric bone mineral density; pSSI, polar strength strain index.

from the post-season to off-season analysis (soccer, n=18;
control, n=16).

Body Composition: There were no changes or differ-
ences between groups in lean mass. Soccer players gained
fat mass (~8.0%), and this gain was different from controls
(p=0.01; Figure 1B). Fat mass change was significant in start-
ers (1.810.5 kg; p<0.01) and approached significance in non-
starters (1.120.6 kg; p=0.06) with the change in the starter
group different from the control group but not the non-start-
er group. There were no changes or differences between
groups in lean mass.
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DXA: Total hip and FN aBMD decreased in controls (both
p=<0.05; Figures 2A & 2B). These mean changes were not
different from the soccer players. Adding changes in lean
mass or fat mass did not explain changes in aBMD. There
were no significant changes in aBMD in the starter and
non-starter groups.

pQCT: Trabecular vBMD significantly decreased in soccer
players (p=0.02), but this change was not different from the
change in controls (p=0.31; Figure 3A). Within the soccer
player group, there was no difference in change in trabecu-
lar vBMD between starters and non-starters. Change in lean
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mass did not affect trabecular vBMD results.

At the 20% site, cortical BMC and cortical area increased
in both soccer players and controls similar to that shown for
thickness (all p<0.01, Figure 3C), and these changes were not
different between groups. Additionally, cortical vBMD (p<0.01)
and pSSI (p<0.01, Figures 3D & 3E) increased in the control
group, but the change was not different from the change in
the soccer players. Both the starter and non-starter groups
had increases in cortical BMC and cortical area that were not
different from each other or the controls (data not shown);
whereas, only starters increased cortical thickness and ap-
proached a significant increase in pSSI (p=0.07). The mean
changes in the starters were not different from non-starters
or controls. Adding change in lean mass or current hormonal
contraceptive use did not alter any aforementioned results.

Strength: Controls decreased FPT (p=0.05) at 360%s,
but the change in FPT was not different from soccer players
(p=0.25; Figure 4B). There were no changes in any of the
strength measures in the soccer player group. The starter
group of soccer players increased EPT at 90%s (9.5£3.2 ft-
Ibs; p<0.01) which was different from non-starters (-1.1£2.6
ft-Ibs; p=0.01) but not controls (1.5£2.3 ft-lbs; p=0.09).
The mean change in EPT at 360%s for the starter group
was different from the non-starter group (5.9£3.7 ft-Ibs vs.
-4.312.9 ft-Ibs, p=0.03) and approached a significant dif-
ference from the control group (-4.2+2.5 ft-lbs, p=0.06).
There were no differences among or between the starter and
non-starter groups for FPT measures. Adding change in lean
mass did not affect results.

There were no changes or differences in H/Q ratio between
the soccer player and control groups (Figures 4C & 4D). How-
ever, the starter group decreased their H/Q ratio at 360%/s
(-9.814.5, p=0.03) which was different from non-starters
(5.813.6, p<0.01) but not controls. Change in lean mass did
not remain in the model for H/Q ratio results.

Discussion

Throughout the entire soccer season (pre-season to off-
season), the soccer players experienced significant changes
in body composition, bone geometry and strength. The soc-
cer players lost lean mass during the 3-month long com-
petitive season and gained fat mass from the post-season to
off-season measure (~6 months). This did not translate to a
decrease in or increase in aBMD at any time point. However,
tibia bone size increased pre-to post-season while cortical
thickness increased from post-season to off-season. The de-
crease in lean mass during the competitive season did not
result in a decrease in strength, rather, the soccer players
increased FPT at the highest speed (360%5s) as well as H/Q
ratio at the same speed.

Body composition

In our study, soccer players lost significant lean mass
(particularly in the non-starter group) over the competitive
season while gaining fat mass over the 6-month off-season
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training period. Although the change in the soccer group
was not different from the control group, this is a significant
clinical finding which requires further investigation. While
some studies have reported a maintenance or even gain of
lean mass from pre- to post-season in various sports such
as soccer, softball, track, swimming, basketball and volley-
ball>5722:26-28, other studies have reported losses in lean mass
from pre- to post-season in basketball, rugby and soccer ath-
letes®492931, The loss of lean mass (and gain in BF%) over
the competitive season seen in our study may be attributed
to the change in the strength program. The soccer players
participated in 3 days per week of required strength training
prior to the start of the competitive season and only one day
per week of strength training during the competitive season.
As the loss of lean mass was only significant in non-starters,
we also may attribute the lack of playing time in games as a
possible contributor to the loss of lean mass. Non-starters
averaged 12 minutes/game while starters averaged 77 min-
utes/game, which resulted in a difference of 19.5 hours of
playing time over the 3-month time period. Another reason
for the decrease in lean mass could be a negative energy bal-
ance, but participants were non-compliant in completing die-
tary questionnaires; therefore, we do not have sufficient data
to test this hypothesis. Contradictory to our hypothesis, soc-
cer players did not regain lean mass from the post-season to
off-season visit but gained a significant amount of fat mass.
The reasoning behind this result is difficult to ascertain as no
other studies have looked at this particular time period; just
after the completion of the competitive season to the end of
the off-season training period (not including the 3 months of
summer training just prior to pre-season). There is approxi-
mately a 2-week period after the completion of the competi-
tive season where the athletes were not asked to complete
any mandatory strength and conditioning workouts. Other-
wise, strength workouts were assigned for the holiday break
(~one month) when the athletes are at home. Therefore, the
amount of time allotted for a possible detraining effect to al-
low for significant fat gain seems improbable. The authors
speculate that it may be related to a decrease in training
intensity and/or volume. Even though the strength training
returns to 3 days a week (as it was just before pre-season),
the intensity may not be the same. Also, the team was prac-
ticing 4 days/week and competed in 18 total games during
the competitive season whereas the off-season practices are
4 days/week with ~7 total games, which is a decrease in total
training volume. Again, there was insufficient dietary data to
analyze for its potential role in energy balance during the off-
season. Future studies should include measures of training
intensity to determine its role on changes in body composi-
tion throughout the competitive and off seasons.

DXA bone density

Our study assessed longitudinal changes in DXA meas-
ures over the competitive season and off-season of D-| fe-
male soccer players. Contradictory to our hypothesis, there
were no changes in bone measures in the athletes in either
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the pre- to post-season or post- to off-season time frame.
However, the control subjects did increase total hip and FN
aBMD (with no change in total hip and FN area) over the pre-
to post-season time frame, but this was not different from the
soccer players. The increase in FN aBMD was the only meas-
ure different from the soccer player group. Adding change
in moderate-vigorous activity and contraceptive use to the
model did not change the pre-season to post-season results
in the control group. Our results differ from another study
of female athletes that demonstrated softball, basketball,
volleyball and track and field athletes significantly increased
total body, arms and legs aBMD over the competitive season
(~12 weeks). These increases indicate an adaptation to load-
ing over the competitive season which was not seen in our
study?. Conversely, Stanforth et al. found no change leg, arm,
pelvis, spine and trunk aBMD in female soccer athletes from
pre-season to post-season®?. Soccer is an odd-impact load-
ing sport which may yield different results compared to high-
and low-impact loading sports due to sport-specific loading
patterns. Although a gain in aBMD was not expected, we are
pleased to see that even though soccer player group did lose
lean mass, this did not correlate to a loss of aBMD.

The controls decreased FN and hip aBMD from post-sea-
son to off-season (~6 months) with none of these changes
different from the soccer player group. Unfortunately, we did
not have vitamin D status or calcium intake data to determine
if low vitamin D status or low calcium intakes during the win-
ter season played a factor in the bone loss seen in the con-
trols. A study by Taaffe et al. reported an increased percent
change in DXA measured spine and FN aBMD in gymnasts
compared to runners, swimmers and controls over a period
of 8 to 12 months. These investigators reported a greater
influence on change in aBMD of a high-impact loading sport
(gymnastics) than a low- (running) or active (swimming) load-
ing sport as well as non-active controls®. The time between
our post-season and off-season visit was approximately 6
months which provides ample time to see bone adaptations
should they occur. However, another study found no change
in aBMD in female soccer athletes from post-season to the
following pre-season even though all other sports measured
(volleyball, basketball, swimming and track/field) demon-
strated one or more changes over the same time period*2.
The only change seen in the soccer group was a 1.2% in-
crease in leg BMD from the first-year pre-season to the third-
year post-season suggesting a long-term bone adaption over
the course of the athlete’s career32. It is unknown whether it
is the nature of the odd-impact loading of the sport of soccer
or the type of year-round training of the sport that produces
consistent measures of total hip and FN aBMD at various time
points in the collegiate training environment.

pQCT bone density and geometry

Over the competitive season, soccer players significantly
increased cortical BMC and cortical area by 1.4%, and peri-
osteal circumference by 0.6%, and these changes were dif-
ferent from controls. The increase in periosteal circumfer-
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ence supported our hypothesis of increased bone size over
the competitive season. Our results are similar to another
longitudinal study which demonstrated an increase in cortical
bone area and thickness in female soccer players from the
pre-season to off-season visit compared to non-active con-
trols?2. This increase in bone size suggests an adaptation to
the increase in loading experienced during the competitive
season training as well as the osteogenic type of odd-impact
loading experienced in sports like soccer and tennis'#'81°,
Additionally, an increase in bone size was only significant in
the starter group that experienced a greater amount of play-
ing time throughout the season. Bone will adapt to the loads
placed upon it and can alter its shape based on those types
of loads3334, Weidauer et al.® and Rantalainen et al.'® demon-
strated that different types of sports affect pQCT measured
tibial geometry based on sport-specific loading. Additionally,
a rather important limitation to note about this study is the
use of the dominant “kicking” leg for all pQCT measures. Al-
though soccer athletes are expected to be proficient at utiliz-
ing both legs within the competitive environment, it has been
shown that differences between the kicking leg and support
leg occurin elite athletes due to the unique forces experienced
by each limb during the kicking movement pattern®. It is un-
known whether or not the changes seen in the pQCT meas-
ures of this study would be different if they had been meas-
ured in the support leg. In the soccer athletes in our study,
the increase in training results in circumferential growth to
resist the unfamiliar microstrains placed on the bone; how-
ever, this did not translate to an increase in calculated bone
strength as measured by pSSI. Additionally, from the pre- to
post-season measure, we did not see the decrease in cortical
vBMD due to increased remodeling as we hypothesized. We
did see a 7.5% increase in cortical BMC, attributed to a 2.6%
increase in area and a 3.1% increase in thickness from the
post- to off-season measure with no gain in cortical vBMD in
the soccer players; however, this was not different from the
control group. Again, the increase in cortical thickness was
significant in the starter group only indicating a potential
effect of greater playing time in competitions and perhaps,
training intensity during practices. The increased cortical
thickness is due to endosteal contraction and could represent
the remodeling and repairing phase when the bone has the
appropriate rest periods to adapt the mechanical properties
by mineralizing newly formed osteoid in response to the loads
experienced during the competitive season. This represents
the importance of rest periods to allow the bone to make the
appropriate changes to its mechanical and geometrical struc-
ture before damage; and thus injury, could occur.

Strength

Collegiate level soccer demands skill in quickness, speed,
sprinting, jumping/heading, rapid acceleration and decel-
eration, balance and changing direction at varying speeds
and intensities. These activities require the proper level of
strength and power for an overall effective performance. Few
studies have investigated strength in female soccer players
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and how it is related to changes in bone and performance
measures such as kicking velocity and ball velocity while
there have been studies for male counterparts3¢38, A study
by Brophy et al. demonstrated that the muscle activation and
biomechanics during a soccer kick of a male versus a female
differs greatly; therefore, strength performances of male and
female soccer players need to be examined separately®. A
recent study of 22 D1 female soccer players measured knee
and hip torque on a Biodex isokinetic dynamometer*. They
reported knee torque to be correlated with ball velocity (a
measure used to assess kicking performance)“°. Although
this study performed pre- and post-season measures, they
did not report whether or not there were strength changes
over the competitive season and into the off-season. Our
study found some changes in strength over the competitive
season. Soccer players increased FPT at the 360%s meas-
ure. This correlated with the increase in H/Q ratio of soccer
players at the same speed measure as an increase in flex-
ion peak torque indicates an increase in hamstring strength;
thus, improving the ratio of quadriceps to hamstring strength
ratio. Only the starter group, not the non-starter group, saw
increases in FPT at the 180 and 360°%/s measures which may
indicate an effect of playing time on hamstring strength gains
at higher speeds. This may be an effect of velocity-specific
training suggested by Coyle et al.*' who showed that training
at lower velocities only increases strength at lower velocities
(i.e. 60%/5), but training at higher velocities (180 and 300%/s)
increases strength at low and high velocities. Even though
the soccer players experienced a decrease in lean mass over
the competitive season, this did not translate to a decrease
in extension or flexion peak torque at the knee or a decrease
in H/Q ratio. During the off-season, the group of starters in-
creased extension peak torque at 90%s (which was different
from non-starters), and the change in EPT at 3605 in start-
ers was greater than non-starters. Additionally, the gain in
H/Q ratio at the 360%s measure that occurred in the start-
ers over the competitive season was lost over the off-season
training. This knowledge is beneficial in examining the effect
of the season (both competitive and off-season) and playing
status (starter or non-starter) on changes in strength which
may provide valuable information for changes in perfor-
mance measures, adjustments to training protocols (training
at higher speeds to increase hamstring strength at sport-
specific speeds) and the role of quadriceps/hamstrings ratio
(H/Q) in anterior cruciate ligament (ACL) injuries in female
soccer players.

Conclusion

The soccer players in this study lost lean mass over the
competitive season and gained fat mass but did not recover
lean mass in the off-season. Although this did not translate
to a decrease in strength measures, the loss of lean mass
could be a sign of a negative outcome related to overtrain-
ing or negative energy balance which should be assessed in
future studies. Bone density measures did not change over
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the entire study timeframe; however, we did find there was an
increase in periosteal circumference from pre- to post-sea-
son and cortical thickness in the off-season in soccer players.
Interestingly, these geometrical changes were significant in
the starter group (not the non-starter group) indicating a
possible effect of playing time in competitions and perhaps,
training intensity during practices. The female soccer athlete
experiences significant changes in body composition and
bone geometry which differ depending on the time frame
studied: the competitive season (3 months) and off-season
(6 months) and on the athlete’s playing status. It is important
to understand that cross-sectional evaluations of these ath-
letes may not capture the whole picture of the seasonal train-
ing effect of collegiate sports. Certain training techniques
and practices may have positive or negative consequences
on athlete’s health that may or may not be overtly apparent
(such as changes in lean mass or bone). It is important evalu-
ate athletes at key time points across the full training season
to optimize overall health and performance and decrease risk
of future injury.
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